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(57) ABSTRACT 

A memory cell ?eld With an integrated arrangement of solid 
body electrolyte memory cells, and in particular of CBRAM 
solid body electrolyte memory cells With 1T1R architecture, 
Wherein the solid body electrolyte memory cells each com 
prise a layer stack that comprises at least a bottom and a top 
electroconductive, in particular metal layer and a layer of 
solid body electrolyte material or ion conductor material, 
respectively, positioned therebetWeen, and Wherein each 
solid body electrolyte memory cell can be controlled Via a 
Word line, a bit line, and a plate line by means of a selection 
transistor, Wherein at least a number of solid body electrolyte 
memory cells in the memory cell ?eld have a common plate 
electrode or are connected to a common plate line, respec 

tively. 
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INTEGRATION OF 1T1R CBRAM MEMORY 
CELLS 

CLAIM FOR PRIORITY 

[0001] This application claims the bene?t of priority to 
German Application No. 10 2004 061 548.9, ?led in the 
German language on Dec. 21, 2004, the contents of Which 
are hereby incorporated by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The invention relates to a memory cell array or a 
memory cell ?eld, respectively, for the integration of resis 
tively switching solid body electrolyte memory cells. The 
invention further relates to a method for manufacturing a 
memory cell ?eld With an integrated arrangement of solid 
body electrolyte memory cells, and in particular of lTlR 
CBRAM memory cells in minimum structure siZe. 

BACKGROUND OF THE INVENTION 

[0003] An integrated memory device usually comprises a 
cell ?eld (array) consisting of a plurality of memory cells 
and a matrix of electroconductive supply lines Which is 
composed of column and roW supply lines or Word and bit 
lines, respectively. With this type of memory arrays With 
so-called crosspoint architecture, the memory cells are each 
positioned at the crosspoints of the electroconductive supply 
lines that are each connected With the memory cell via an 
upper electrode or top electrode and a loWer electrode or 
bottom electrode. To perform a change of the information 
content in a particular memory cell at the addressed cross 
point or to recall the content of the memory cell, the 
corresponding Word and bit lines are selected and impacted 
either With a Write current or With a read current. 

[0004] There are knoWn different kinds of semiconductor 
memories, eg a RAM (Random Access Memory). A RAM 
memory device is a memory With optional access, i.e. data 
can be stored under a particular address and can be read out 
again under this address later. A particular kind of RAM 
semiconductor memories are DRAMs (Dynamic Random 
Access Memory) Which comprise in general only one single, 
correspondingly controlled capacitive element per memory 
cell, eg a trench capacitor, With the capacitance of Which 
one bit each can be stored as charge. The charge or the 
information stored, hoWever, remains for a relatively short 
time only in a DRAM memory cell, so that a so-called 
“refresh” must be performed regularly, With the correspond 
ing information content being Written in the memory cell 
again, or being refreshed, respectively. In contrast to 
DRAMs, no “refresh” has to be performed in the case of 
SRAMs (Static Random Access Memory) as long as the 
supply voltage is present at the chip. In the case of non 
volatile memory types such as EPROMs, EEPROMs, and 
?ash memories, the stored data remain stored even When the 
supply voltage is sWitched o?‘. 

[0005] The presently common semiconductor memory 
technologies are based primarily on the principle of charge 
storage in materials produced by standard CMOS (comple 
ment metal oxide semiconductor) processes. The problem of 
the leaking currents existing With the DRAM memory 
concept, Which result in a loss of charge or a loss of 
information, respectively, has so far been solved insuf? 
ciently only by the permanent refreshing of the stored 
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charge, Which results in a high energy consumption of the 
DRAM chip. The ?ash memory concept underlies the prob 
lem of Write and read cycles limited by barrier layers, 
Wherein no optimum solution has been found yet, either, for 
the high sWitching voltages and the sloW read and Write 
cycles. Moreover, long Write times in the range of several ps 
to ms are required. 

[0006] So-called CB memory cells or CBRAM memory 
cells (CB=Conductive Bridging) have also become knoWn 
recently, in Which digital information can be stored by a 
resistive sWitching process. A CB or CBRAM memory cell 
is adapted to be sWitched betWeen different electric resis 
tance values by means of bipolar electric pulsing. In a simple 
embodiment, such an element can be sWitched betWeen a 
very high (eg in the GOhm range) and a distinctly loWer 
resistance value (eg in the kOhm range) by applying short 
current or voltage pulses, Wherein the sWitching rates may 
be beloW one microsecond. 

[0007] The structure of conductive bridging memory cells 
(CB memory cells or CBRAM memory cells) or solid body 
electrolyte memory cells, respectively, consists substantially 
of an upper electrode or top electrode and a loWer electrode 
or bottom electrode, and of a volume With electrochemically 
active material positioned therebetWeen, Which may be 
doped With a metal, in particular With silver or e.g. copper. 
As an electrochemically active material for the ion conduc 
tor, materials such as GeXSel_X, GeXSl_X, WOX, CuiS, 
CuiSe, or similar chalcogenide-containing compounds are 
generally used. As reactive materials for the reactive metal 
electrode, copper (CU) or in particular silver (Ag) are 
typically used. The CBRAM cell typically has an asymmet 
ric structure, i.e. the electrode material 1 is different from the 
electrode material 2. 

[0008] In the case of such CB memory cells, the above 
mentioned sWitching process is on principle based on the 
fact that, by applying appropriate current or voltage pulses 
of particular intensity and duration at the electrodes in the 
active chalcogenide material positioned betWeen the elec 
trodes, metal-rich elements of so-called clusters continue to 
increase in their number and/or siZe in the chalcogenide 
material volume until the tWo electrodes are ?nally electro 
conductively bridged, i.e. electroconductively connected 
With each other, Which corresponds to the electroconductive 
state of the CB memory cell. 

[0009] By applying correspondingly inverse current or 
voltage pulses, this process can be reversed again, Whereby 
the corresponding CB memory cell can be returned to a 
highly resistive state. This Way, a sWitching betWeen a state 
With a higher electroconductivity of the CB memory cell and 
a state With a loWer electroconductivity of the CB memory 
cell is achieved. The electroconductivity of the CB memory 
cell can be assigned to a logic memory state (logic “1” or 
logic “0”). For detecting the state of the memory cell, the 
current is evaluated at an applied read voltage Uread, Wherein 
U ead<UWrite (Write voltage). 

[0010] So far, there have only been knoWn results from the 
manufacturing of individual cells in vertical or co-planar 
geometry, Which are, hoWever, less suited for highly dense 
memories. It is therefore the general object of the present 
invention to provide a solid body electrolyte memory cell or 
CB memory cell, respectively, Which is suited for competi 
tive, commercial applications. To this end, CB memory cells 
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have to be manufactured in an array With an integration that 
is as dense as possible, or With good scalability, respectively, 
making use of a technology that is as simple as possible and 
that yields reliable results. 

[0011] As described above, it is possible With a solid body 
electrolyte memory cell to have metal ions di?‘use in a 
controlled manner from the anode into the ion conductor by 
applying bipolar voltage pulses at the electrodes. In the 
simplest case, these metal ions are identical to the anode 
material, i.e. metal anode material is oxidiZed and is dis 
solved in the ion conductor on applying of a positive Write 
voltage UWrite>Uread. The ion diffusion may be controlled by 
the duration, the amplitude, and the polarity of the electric 
voltage externally impressed to the memory cell. On apply 
ing of a positive electric voltage UWrite at the described solid 
body electrolyte memory cell, the metal cations diffuse, 
under the in?uence of the electric ?eld applied externally via 
the electrodes of the CB memory cell, through the ion 
conductor in the direction of the cathode. As soon as a 
su?icient number of metal ions have diffused from the anode 
into the ion conductor, a loWly resistive metal bridge 
betWeen the anode and the cathode can be formed, this 
causing the electric resistance of the memory cell to drop 
strongly since the highly resistive solid body electrolyte 
matrix is electrically short-circuited. 

[0012] For such resistively sWitching CBRAM memories, 
only concepts for the manufacturing and programming of 
individual memory cells have been published so far. Since as 
many memory cells as possible are generally intended to be 
accommodated in a RAM memory device, one has been 
trying to manufacture same as simple as possible and on the 
narroWest space, i.e. to integrate them in a memory cell array 
or a memory cell ?eld, and to scale them. 

[0013] For the arrangement of a plurality of CBRAM 
memory cells in a memory cell array, the above-mentioned 
crosspoint architecture has, for instance, been suggested, in 
Which the memory cells are controlled via a matrix of Word 
and bit lines as Well as a lTnR arrangement in Which a 
transistor, together With a number of sWitchable resistors, 
constitutes a memory cell. For both cases there has, hoW 
ever, not been knoWn any integration concept so far. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to provide a 
concept for the integration of CBRAM memory cells With a 
lTlR CBRAM architecture, Wherein a transistor, together 
With a resistively sWitching solid body electrolyte element, 
constitutes a CBRAM memory cell. Another object consists 
in providing a method for manufacturing a memory cell 
array With a lTlR CBRAM architecture Which is as cheap 
as possible. 

[0015] In accordance With the present invention, this 
object is solved by a memory cell ?eld With the features 
indicated in claim 1, and by a method according to claim 8. 

[0016] Advantageous embodiments of the invention are 
de?ned in the subclaims. 

[0017] In accordance With an aspect of the present inven 
tion, the above-mentioned objects are solved by a memory 
cell ?eld With an integrated arrangement of solid body 
electrolyte memory cells, and in particular of CBRAM solid 
body electrolyte memory cells With lTlR architecture, 
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Wherein said memory cells each comprise a layer stack 
comprising at least a bottom and a top electroconductive, in 
particular metal, layer, and a layer of solid body electrolyte 
material or ion conductor material, respectively, positioned 
therebetWeen, and Wherein each solid body electrolyte 
memory cells is adapted to be controlled via a Word line, a 
bit line and a plate line by means of a selection transistor, 
Wherein at least a number of solid body electrolyte memory 
cells in the memory cell ?eld comprise a common plate 
electrode or are connected to a common plate line, respec 
tively. 

[0018] A substantial feature of the present invention con 
sequently consists in that an electrode, in particular the top 
electrode or the plate line of a memory cell ?eld, respec 
tively, is designed as continuous plate or electrode, respec 
tively, so that the memory cells of an array have a common 
electrode (plate line) or are connected With each other via a 
common electrode, respectively. Such a common electrode 
has the advantage that no expensive lithography processes 
With critical structures are necessary for their manufactur 
ing. Thus, on the one hand, the structure of the inventive 
memory cell array is simpli?ed and, on the other hand, the 
effort of the processes for their manufacturing is reduced and 
is thus cheaper. 

[0019] In accordance With a further aspect of the present 
invention, the above-mentioned objects are solved by a 
method for manufacturing at least one memory cell ?eld 
With an integrated arrangement of solid body electrolyte 
memory cells, and in particular of CBRAM solid body 
electrolyte memory cells, for generating a memory array 
With lTlR architecture, Wherein the method comprises at 
least the folloWing steps: 

[0020] depositing a bottom electrode material layer on a 
silicon substrate, 

[0021] structuring the bottom electrode material layer for 
forming bottom circuit paths, 

[0022] generating ?rst electrodes for the solid body elec 
trolyte memory cells, 

[0023] generating a layer stack on the prestructured bot 
tom electrode material layer by depositing a solid body 
electrolyte material or an ion conductor material, as Well as 
a reactive metal, and 

[0024] depositing a top electrode material layer for gen 
erating a second electrode to Which a number of solid body 
electrolyte memory cells are commonly connected. 

[0025] The present invention suggests a possibility of 
integration, Whereby the manufacturing of a CB memory 
cell array or of a CBRAM memory cell array, respectively, 
can be integrated into a CMOS manufacturing method. To 
this end, different possibilities of realiZing a CBRAM mod 
ule With an integrated arrangement of lTlR CBRAM 
memory cells in minimum structure siZe are indicated. With 
the integration approach according to the present invention 
it is possible to achieve a high memory cell density in the 
memory cell array, and to program, erase, and read indi 
vidual CBRAM memory cells in the array independently of 
each other by a predetermined sWitching pulse scheme. By 
the present integration approach, the siZe of an individual 
cell may be reduced doWn to 6P2, Wherein F is the smallest 
lithographically resolvable lateral dimension (F=feature 
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size). A particular advantage of the present invention con 
sists in that, by the use of the so-called common plate 
architecture, the common top electrode or the plate line, 
respectively, of the CBRAM memory cells need not be 
structured individually for each CBRAM memory cell. 
Thus, a substantial simpli?cation With respect to process 
technology is achieved vis-a-vis a standard integration 
approach Which, for instance, provides for the structuring of 
a top electrode or plate line, respectively, for every single 
memory cell. 

[0026] The principle of the present invention is based on 
the providing and the use of a common top electrode or plate 
line, respectively, for a plurality of CBRAM memory cells 
that are integrated or arranged in a memory cell array. To this 
end, this common top electrode is structured at the edge of 
the memory cell array or of the memory cell ?eld, respec 
tively, or at some other suitable position. The manufacturing 
of the common top electrode or plate line, respectively, is 
preferably performed by dry chemical or Wet chemical 
methods, and is thus restricted in space. 

[0027] For manufacturing the inventive memory cell array 
With integrated CBRAM memory cells, the CBRAM 
memory cell is placed on the so-called CC contact (“node 
contact”) or over the so-called CC contact, respectively, 
Which is connected With the respective selection transistor in 
the silicon substrate via a co-called CA contact. In accor 
dance With preferred embodiments of the inventive method 
there are suggested different integration approaches by 
Which the active material (eg GeSe/Ag) of the solid body 
electrolyte memory cell is structured. 

[0028] According to a preferred embodiment of the inven 
tive method, the active solid body electrolyte material is 
?lled into the back-etched CC contact and subsequently 
planariZed. This process is preferably performed With the 
additional establishing of barrier layers so as to limit the 
diffusion region of the solid body electrolyte material. 

[0029] To this end, the ?nished and planariZed contact is, 
for instance, etched back by Wet chemical etching by a 
particular degree so as to create the space required for the 
memory resistor. In addition, the memory cell array or the 
cell ?eld, respectively, may be covered relative to the 
periphery by means of an uncritical lithography step. Sub 
sequently, the ion conductor material (eg GeSe) and the 
reactive metal (e.g. Ag) may be deposited. Then, both the ion 
conductor material and the reactive metal are planariZed by 
means of chemical mechanical polishing (CMP). 

[0030] Alternatively, it is possible to ?rst deposit and 
planariZe the ion conductor material, and to subsequently 
commonly deposit planarly reactive metal and the plate 
electrode. This Way it can be prevented that the reactive 
metal (Ag) is structured. At any rate, hoWever, the plate 
electrode is structured after its deposition With a likeWise 
uncritical lithography step at the edges of the memory cell 
array or the cell ?eld, respectively, or at some other suitable 
position. 
[0031] In accordance With a second preferred embodiment 
of the inventive method, a diffusion barrier, for instance, of 
SiN is applied conforrnely after the back-etching of the plug 
(and TiN liner), and subsequently the contact to the plug is 
re-established by means of anisotropic etching. This pre 
vents a possible diffusing out of the active materials such as 
silver ions. 
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[0032] In accordance With a third preferred embodiment of 
the inventive method, the necessary planariZing of the active 
material may also be performed Without the use of a CMP 
tool. In analogy to the above-described procedure, the plug 
(With the TiN liner) is etched back, and subsequently the ion 
conductor material is deposited. When depositing the ion 
conductor material, care has to be taken not to completely 
?ll the opening provided, but to ?ll it only partially. Sub 
sequently, the reactive metal (Ag) is deposited and the 
chalcogenide layer created is doped, Wherein, again, a 
complete via ?lling is avoided. 

[0033] Subsequently, a nitride sacri?ce layer and a thick 
oxide sacri?ce layer are deposited to balance the remaining 
topography. This is then chemically mechanically polished 
in a standard process With a CMP tool doWn to the nitride 
layer and planariZed, and the SiN of the diffusion barrier is 
etched at the exposed positions. Subsequently, the active 
material can be structured in the vias With a Wet etching step, 
and ?nally the noW super?uous sacri?ce layers can be 
removed again. Then, the plate electrode can be deposited 
and structured. 

[0034] Similar to the above-described third preferred 
embodiment is a fourth preferred embodiment of the inven 
tive method, Wherein an additional diffusion barrier, for 
instance, of SiN, is also introduced, and the contact to the 
plug is made by an anisotropic back-etching step. 

[0035] A substantial aspect With the above-described 
embodiments of the inventive method consists in that, as a 
result, a plurality of memory cells are electrically connected 
to a common top electrode, the so-called plate line (PL). 

[0036] In accordance With the present invention, the plate 
line may, during the operation of the CBRAM memory cells, 
in the simplest case be kept on a constant potential level, 
Which has been explained in conjunction With FIG. 1 With 
respect to the pulse triggering of the bit line and the Word 
line of a resistively sWitching solid body electrolyte memory 
cell. The result of this is, in addition to a simple connection 
of the memory cells, also the advantage of a minimal mutual 
in?uencing of the respective memory cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] In the folloWing, the invention Will be explained in 
more detail by means of preferred embodiments With refer 
ence to the enclosed draWings. 

[0038] FIG. 1 shoWs tWo diagrams for pulse triggering of 
the bit line and of the Word line of a resistively sWitching 
solid body electrolyte memory cell, eg a CBRAM memory 
cell; 

[0039] FIG. 2 shoWs an arrangement or an electric circuit, 
respectively, of solid body electrolyte memory cells in lTlR 
CBRAM architecture based on a memory cell ?eld With 
lTlR CBRAM memory cells according to a preferred 
embodiment of the present invention; 

[0040] FIG. 3 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR CBRAM architecture accord 
ing to a ?rst preferred embodiment of the present invention; 

[0041] FIG. 4 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR CBRAM architecture accord 
ing to a ?rst preferred embodiment of the present invention 
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illustrated in FIG. 3, wherein the plane of the sectional vieW 
of FIG. 4 extends along the line A-A plotted in FIG. 3; 

[0042] FIG. 5 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR CBRAM architecture accord 
ing to a second preferred embodiment of the present inven 
tion; 
[0043] FIG. 6 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR CBRAM memory cells 
according to a third preferred embodiment of the present 
invention; 

[0044] FIGS. 7 and 8 shoW schematic representations of 
individual process steps of a preferred embodiment of the 
inventive method for manufacturing a memory cell ?eld 
With lTlR CBRAM architecture according to the embodi 
ment of the present invention illustrated in FIG. 6; and 

[0045] FIG. 9 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR CBRAM architecture accord 
ing to a third preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] FIG. 1 shoWs respective diagrams for pulse trig 
gering in the form of voltage pulses at the bit line V(BL) and 
at the Word line V(WL) of a resistively sWitching solid body 
electrolyte memory cell. The diagrams each shoW a time 
sequence of a Write pulse “Write”, a read pulse “read”, an 
erase pulse “erase”, and a further read pulse “read” at the 
electrodes of the solid body electrolyte memory cell. 

[0047] As described above, metal ions are diffused in a 
controlled manner from the anode into the ion conductor of 
the solid body electrolyte memory cell by applying bipolar 
voltage pulses at the electrodes of the solid body electrolyte 
memory cell. On applying a positive electric Write voltage 

1 >Uread at the electrodes of the solid body electrolyte 
mveliiiory cell, the metal cations diffuse from the anode under 
the in?uence of the external electric ?eld through the ion 
conductor in the direction of the cathode, and dissolve in the 
ion conductor. The extent of the ion diffusion is controlled 
by the duration, the amplitude, and the polarity of the 
electric voltage impressed externally in the CB memory cell. 

[0048] On applying an inverse electric erase voltage Uerase 
at the electrodes of the solid body electrolyte memory cell, 
the metal cations diffuse from the ion conductor back to the 
anode, Whereby the density of the metal ions in the ion 
conductor decreases. For reading the CB memory cell, loWer 
pulse intensities or voltages Uread are used so as not to 
change the state of the memory cell. For measuring the 
voltage pulses, a medium plate voltage VPL can alWays be 
assumed since, for the described operations in the CBRAM 
memory cell, only the corresponding voltage relation 
betWeen the bit line and the Word line has to exist. In 
accordance With the invention, the plate voltage VPL may 
remain constant since the voltage relations at the Word and 
bit lines are authoritative for the different modes of operation 
of the CBRAM memory cell. 

[0049] FIG. 2 shoWs an arrangement of solid body elec 
trolyte memory cells in an electric circuit With lTlR 
CBRAM architecture, as it may be the basis for a memory 
cell ?eld With lTlR CBRAM memory cells according to a 
preferred embodiment of the present invention. The memory 
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cell ?eld comprises electric supply lines that are oriented 
orthogonally to each other in a matrix of Word lines WL and 
bit lines BL. In accordance With the lTlR architecture, a 
resistor or a resistively sWitching solid body electrolyte 
memory cell R, respectively, each is connected in series With 
a selection transistor T, Wherein the transistor T is connected 
With the bit line BL at the side opposite to the resistor and 
With the adjacent Word line WL at its gate. 

[0050] At the side opposite to the transistor, the resistively 
sWitching solid body electrolyte memory cell or CBRAM 
memory cell R is connected to a plate line. The plate lines 
extend in a different plane than the Word lines WL and the 
bit lines BL and are therefore not illustrated in FIG. 2. 
According to one aspect of the present invention, the plate 
lines PL of the CBRAM memory cells R are connected With 
one another, i.e. all CBRAM memory cells R of a memory 
cell ?eld, or the CBRAM memory cells from a particular 
region of the memory cells ?eld, respectively, are connected 
to a common plate line. 

[0051] BetWeen the bit line BL and the transistor T there 
is positioned a CA contact, and betWeen the transistor T and 
the solid body electrolyte memory cell or CBRAM memory 
cell R there is positioned a CC contact, preferably of 
tungsten (W), Which Will be described in more detail in the 
folloWing. With this lTlR CBRAM architecture, only one 
transistor element each is needed for controlling a CBRAM 
memory cell in an inventive memory cell ?eld. 

[0052] FIG. 3 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR architecture according to a 
?rst preferred embodiment of the present invention. FIG. 3 
includes a line A-A Which constitutes the section plane of 
FIG. 4. At the left of the line A-A there is represented a 
sectional vieW through a CB contact While on the right side 
of the line A-A there is represented a sectional vieW through 
a CC contact (“node contact”). 

[0053] The inventive memory cell ?eld is built up on a 
silicon substrate S in Which transistors or selection transis 
tors T, respectively, are structured Which are each separated 
from one another by isolations I. The transistors are each 
contacted via a so-called CA contact CA on Which there is 
positioned a so-called CB contact connecting the CA contact 
and thus the selection transistor T With a bit line BL. In 
another plane of the inventive memory cell ?eld Which is 
represented at the right side of the line A-A, a selection 
transistor T is connected With the active material of a 
resistively sWitching solid body electrolyte memory cell R 
via the CA contact and the CC contact, this resulting in the 
lTlR architecture of the memory cell ?eld. 

[0054] At the side opposite to the CC contact, the solid 
body electrolyte memory cell is connected With a plate line 
PL that is formed as a continuous electrode plate. This Way, 
the solid body electrolyte memory cells of the memory cell 
?eld, or a number of memory cells of a subarray of the 
memory cell ?eld, are connected With each other via a 
common plate line or via a common plate electrode, respec 
tively. The use of a common plate electrode results in an 
inventive memory cell ?eld With a simple structure, for the 
manufacturing of Which lithography processes With little 
effort and absent of critical structures are required. 

[0055] FIG. 4 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR CBRAM architecture accord 
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ing to a ?rst preferred embodiment of the invention illus 
trated in FIG. 3, Wherein the plane of the sectional vieW of 
FIG. 4 extends along the line A-A plotted in FIG. 3. As With 
the vieW represented in FIG. 3, the inventive memory cell 
?eld is structured on a silicon substrate S in Which transistors 
or selection transistors T are structured, the source/drain 
regions SD of Which are isolated from each other, for 
instance, by a shalloW trench isolation STI. The double 
arroW designated With F (F=feature siZe) indicates the 
smallest lithographically resolvable lateral dimension or 
structure siZe, respectively, that can be achieved by the 
lithography used. 
[0056] The selection transistors T are each contacted via a 
so-called CA contact CA Which is in turn connected With the 
active material R of the solid body electrolyte memory cell 
by a CC contact. Since the bit line BL is positioned in a 
different plane than the paper plane of FIG. 4, the bit line BL 
is indicated in dashed lines. The CC contact thus constitutes 
the loWer electrode or bottom electrode of the solid body 
electrolyte memory cell. Above the region With the active 
material R of the solid body electrolyte memory cell there is 
arranged the plate line PL that extends as a continuous 
electrode plate over a number of solid body electrolyte 
memory cells of the memory cell ?eld. The plate line PL thus 
constitutes the common upper electrode or the common top 
electrode, respectively, for a number of solid body electro 
lyte memory cells. 

[0057] FIG. 5 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR CBRAM architecture accord 
ing to a second preferred embodiment of the present inven 
tion. The embodiment of the inventive memory cell ?eld 
illustrated in FIG. 5 corresponds in many features to the 
embodiment illustrated in FIG. 4, so that the folloWing 
description restricts itself to the differing features. 

[0058] The active material of the solid body electrolyte 
memory cell may contain silver-bearing material that has a 
high mobility in SiO2, so that is adapted to diffuse out of the 
region With the active material R and to spread in an 
uncontrolled manner in the memory cell ?eld. By silver 
impurities the characteristic curves of the selection transis 
tors T and the electric behavior of other components in the 
silicon substrate S may be modi?ed, and thus the function of 
the memory cell ?eld may be impaired as a Whole. 

[0059] To prevent an impairment of the functionability of 
the solid body electrolyte memory cell by di?‘using sub 
stances from the region With the active material R, it is 
suggested With a memory cell ?eld according to the second 
preferred embodiment of the present invention to laterally 
restrict the region With the active material R of the solid 
body electrolyte memory cell by means of barrier layers B. 
Thus, a diffusing out of the silver material, of the silver 
bearing material, or of other substances from the region With 
the active material R can be prevented so as to guarantee a 
best reliable responding behavior of the selection transistors 
T With de?ned threshold values. 

[0060] To this end, the edges of the region With the active 
material R of the solid body electrolyte memory cell are 
provided With a barrier layer B that extends from the bottom 
electrode or the CC contact CC, respectively, to the upper 
electrode or the plate line PL, respectively, of the solid body 
electrolyte memory cell. The barrier layer B may be manu 
factured of a nitride compound such as silicon nitride, 
aluminum nitride, or another isolating material. 

Jun. 29, 2006 

[0061] FIG. 6 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR CBRAM memory cells 
according to a third preferred embodiment of the present 
invention. The embodiment of the inventive memory cell 
?eld illustrated in FIG. 6 corresponds in most features to the 
embodiments illustrated in FIG. 4 or in FIG. 5, so that the 
folloWing description restricts itself to the deviating fea 
tures. As may be seen from FIG. 6, the region With the active 
material R of the solid body electrolyte memory cell is 
designed in the form of a Well, so that the region With the 
active material or chalcogenide material R, respectively, 
comprises a recess at the upper face that is in communication 
With the plate line PL. This Way, the region With the active 
material R can be formed With an exactly de?ned strength, 
this improving the determinability of the characteristic 
curves and of the threshold voltages of the solid body 
electrolyte memory cell. 

[0062] FIGS. 7 and 8 shoW a schematic representation of 
individual process steps of a preferred embodiment of the 
inventive method for manufacturing a memory cell ?eld 
With lTlR CBRAM architecture according to the embodi 
ment of the present invention illustrated in FIG. 6. For 
performing the inventive method for manufacturing a 
memory cell ?eld With an integrated arrangement of solid 
body electrolyte memory cells, and in particular of lTlR 
CBRAM memory cells, a layer stack is ?rst of all generated 
Which comprises a number of different material layers, as is 
illustrated in the top portion of FIG. 7. 

[0063] The bottom layer consists of a silicon substrate S 
that has been preprocessed in a suitable manner. In this 
silicon substrate S, the structures for the bottom electrodes 
or CC contacts or also so-called plugs CC for the solid body 
electrolyte memory cells are incorporated by suitable litho 
graphic processes and etching processes, and are preferably 
?lled With tungsten and planariZed such that the desired 
tungsten plugs are generated. An active material or chalco 
genide material R With a de?ned thickness for the CB 
memory cell is deposited on the CC contacts CC and doped 
With silver. Thereupon, a nitride layer N is deposited Which 
serves in subsequent process steps as a protective layer for 
the layer With the active material R, and as an etch stop layer. 
Finally, a layer of silicon oxide S0 is deposited over the 
nitride layer N. 

[0064] The folloWing method step is illustrated in the 
bottom portion of FIG. 7, in Which the silicon oxide layer 
S0 is, for instance, by a dry or Wet chemical process, etched 
aWay doWn to the nitride layer N and is planariZed. The 
nitride layer N may be used as an etch stop layer. After this 
process, a kind of protective cap or a dummy oxide SO, 
respectively, of silicon oxide remains left in the region above 
the active material R over the nitride layer N. 

[0065] The folloWing process step is illustrated in the top 
portion of FIG. 8, in Which a vertically acting erosion 
process is, for instance, performed by sputtering and mainly 
erodes the chalcogenide material R and leaves the silicon 
oxide SO substantially unchanged, so that the nitride layer 
N beloW the dummy oxide SO also remains left. The barrier 
B acts as an isolator since it preferably only consists of 
Si3N4 or of AlN. In this preferably Wet chemical partial 
chalcogenide etching process the chalcogenide material R is 
therefore removed only partially at the lateral edges in the 
region betWeen the protective cap S0 of silicon oxide and 
the silicon substrate S. 
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[0066] In the subsequent process step that is illustrated in 
the bottom portion of FIG. 8, the protective cap or the 
dummy oxide SO, respectively, of silicon oxide is removed 
completely together With the remaining nitride layer N by a 
suitable etching method or by a plurality of suitable method 
steps, respectively, so that a Well W With de?ned strength is 
formed in the region With the active chalcogenide material 
R. Subsequently, a continuous layer of metal electrode 
material is deposited, so that a continuous upper electrode or 
a common top electrode, respectively, or a common plate 
line can be formed. This Way, the structure of the inventive 
memory cell ?eld illustrated in FIG. 6 can be generated, in 
Which the region With the active material or the chalco 
genide material R, respectively, has a de?ned strength. 

[0067] FIG. 9 shoWs a schematic sectional vieW through 
a memory cell ?eld With lTlR CBRAM architecture accord 
ing to a third preferred embodiment of the present invention. 
The embodiment of the inventive memory cell ?eld illus 
trated in FIG. 9 corresponds in most features to the embodi 
ment illustrated in FIG. 6, so that the folloWing description 
concentrates on the deviating features. Also With the 
embodiment illustrated in FIG. 9 is the region With the 
active material R of the solid body electrolyte memory cell 
designed in the form of a Well W, so that the region With the 
active material or chalcogenide material R, respectively, 
comprises a recess at the upper area that is in communication 
With the plate line PL. Additionally, the region With the 
active material R is limited laterally by barrier layers B so 
as to prevent a lateral diffusing out of substances from the 
region With the active material R. 

[0068] Such a structure may, for instance be generated in 
that the processes described by means of FIGS. 7 and 8 are 
performed, With the difference that the process step for 
removing the active chalcogenide material R at the lateral 
edges in the region betWeen the protective cap S0 of silicon 
oxide and the silicon substrate S (FIG. 8 top) is performed 
correspondingly longer, so that the edges of the active 
material R are completely eroded. After the back-etching of 
the plug (and the TiN liner), the generated gaps could then, 
for instance, be ?lled With SiN, and subsequently the contact 
to the plug could be re-established by anisotropic etching. 

LIST OF REFERENCE SIGNS 

[0069] AA section plane of FIG. 4 in FIG. 3 

[0070] CA CA contact 

[0071] CB CB contact 

[0072] CC CC contact or “node contact” 

[0073] F smallest lithographically resolvable lateral 
dimension 

[0074] I isolations betWeen the selection transistors 

[0075] N nitride layer 

[0076] S silicon substrate 

[0077] SD source/drain region of the transistor 

[0078] SO silicon oxide layer or dummy oxide 

[0079] STI shalloW trench isolation 

[0080] T selection transistor 
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[0081] R CBRAM memory cell or solid body electrolyte 
material 

[0082] W Well in the layer With solid body electrolyte 
material 

[0083] WL Word line 

[0084] BL bit line 

[0085] PL plate line 

What is claimed is: 
1. A memory cell ?eld With an integrated arrangement of 

solid body electrolyte memory cells, and in particular of 
CBRAM solid body electrolyte memory cells With lTlR 
architecture, Wherein the solid body electrolyte memory 
cells each comprise a layer stack (CC, R, PL) that comprises 
at least a bottom (CC) and a top electroconductive, in 
particular metal layer (PL) and a layer (R) of solid body 
electrolyte material or ion conductor material, respectively, 
positioned therebetWeen, and Wherein each solid body elec 
trolyte memory cell can be controlled via a Word line (WL), 
a bit line (BL), and a plate line (PL) by means of a selection 
transistor (T), 

Wherein at least a number of solid body electrolyte 
memory cells in the memory cell ?eld have a common 
plate electrode (PL) or are connected to a common 
plate line (PL), respectively. 

2. The memory cell ?eld according to claim 1, Wherein the 
plate lines or plate electrodes (PL) of a number of solid body 
electrolyte memory cells of the memory cell ?eld are 
electrically connected With each other, for instance, via a 
common electrode plate of an electroconductive, in particu 
lar metal material. 

3. The memory cell ?eld according to claim 1, Wherein, of 
the memory cell ?eld, e. g. With a siZe of 1024x1024 memory 
cells, only one or a plurality of subarrays, for instance, With 
a siZe of 64x64 cells, comprise a common plate electrode 
(PL) or are connected to a common plate line (PL), respec 
tively. 

4. The memory cell ?eld according to claim 1, Wherein 
those solid body electrolyte memory cells in the memory 
cell ?eld that are positioned along a bit line or along a Word 
line (WL), respectively, have a common plate electrode (PL) 
or are connected to a common plate line (PL), respectively. 

5. The memory cell ?eld according to claim 1, Wherein the 
top or the bottom electroconductive, in particular metal layer 
of the layer stack (CC, R, PL) constitutes the common plate 
line (PL) or the common plate electrode (PL), respectively. 

6. The memory cell ?eld according to claim 1, Wherein at 
least parts of the layer stack (CC, R, PL) are encapsulated by 
a diffusion barrier (B) that preferably comprises a dielectric. 

7. The memory cell ?eld according to claim 6, Wherein the 
dielectric or the diffusion barrier (B), respectively, is manu 
factured of a nitride, in particular of AliN or SiiN. 

8. A method for manufacturing at least one memory cell 
?eld With an integrated arrangement of solid body electro 
lyte memory cells, and in particular of CBRAM solid body 
electrolyte memory cells, for generating a memory array 
With lTlR architecture, Wherein the method comprises at 
least the folloWing steps: 

depositing a bottom electrode material layer (CC) on a 
silicon substrate (S), 
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structuring the bottom electrode material layer for form 
ing bottom electrode paths, 

generating ?rst electrodes (CC) for the solid body elec 
trolyte memory cells, 

generating a layer stack on the prestructured bottom 
electrode material layer by depositing 

a solid body electrolyte material or an ion conductor 
material (R), respectively, and 

a reactive metal for doping the ion conductor material 
(R), and 

structuring regions (R) With solid body electrolyte mate 
rial or ion conductor material, respectively, for the solid 
body electrolyte memory cells, 

depositing a top electrode material layer for generating a 
second electrode (PL) to Which a number of solid body 
electrolyte memory cells are commonly connected. 

9. The method according to claim 8, Wherein, by the 
depositing and structuring of the bottom electrode material 
layer (CC), bottom electrodes of the memory cell ?eld, and, 
by the depositing of the top electrode material layer, a 
common plate line or plate electrode (PL), respectively, for 
a number of solid body electrolyte memory cells or for all 
solid body electrolyte memory cells, respectively, in the 
memory cell ?eld are formed. 

10. The method according to claim 8, Wherein, by the 
depositing and structuring of the bottom electrode material 
layer (CA, CC), contacts to the selection transistor of the 
memory cell ?eld, and, by the depositing of the top electrode 
material layer, a common plate line (PL) for a number of 
solid body electrolyte memory cells or for all solid body 
electrolyte memory cells, respectively, in the memory cell 
?eld are formed. 

11. The method according to claim 8, Wherein the depos 
iting of the top electrode material (PL), of the bottom 
electrode material (CC), of the solid body electrolyte mate 
rial, and/or of the reactive metal (R) is performed by 
depositing at least one layer of the corresponding material. 

12. The method according to claim 8, Wherein the method 
steps for the structuring of material layers (S, CA, CB, CC, 
R, PL) are each performed With a suitable anisotropic 
etching method, eg by means of an etching method With 
reactive ions (RlE=Reactive Ion Etching). 

13. The method according to claim 8, Wherein the regions 
(R) With solid body electrolyte material or ion conductor 
material, respectively, for the solid body electrolyte memory 
cells are provided With lateral diffusion barriers (B) that 
prevent a diffusing out of substances from the region (B). 

14. The method according to claim 13, Wherein the entire 
layer stack (CC, R, PL) or only parts of the layer stack (CC, 
R, PL) are provided With dilfusion barriers (B). 

Jun. 29, 2006 

15. The method according to claim 14, Wherein, for 
generating an ion conductor material layer (R) With diffusion 
barriers (B), 

a nitride sacri?ce layer (N) and subsequently an oxide 
sacri?ce layer (S) are deposited, 

the nitride sacri?ce layer (N) and the oxide sacri?ce layer 
(S) are, preferably by chemical mechanical polishing, 
chemically mechanically polished doWn to the nitride 
sacri?ce layer (N) and planariZed, and the material of 
the diffusion barrier (B) is etched at the exposed 
positions, 

the active material (R) is structured in the generated vias 
preferably With a Wet etching step, 

the nitride sacri?ce layer (N) and the oxide sacri?ce layer 
(S) are removed again, and subsequently 

the plate electrode (PL) is deposited and structured. 
16. The method according to claim 8, Wherein electro 

chemically active chalcogenide material, preferably of ger 
manium and/or silicon, selenium and/or sulphur, silver and/ 
or copper, eg in a GeSe, GeS, SiSe, SiS, GeiSiiSe, 
GeiSiiS, GeiSiiSeiS, Ag compound and/or Cu com 
pound, is used as solid body electrolyte material or as ion 
conductor material (R), respectively. 

17. The method according to claim 8, Wherein silver or 
copper is used as reactive metal for doping the active 
material (R) of the solid body electrolyte memory cell. 

18. The method according to claim 8, Wherein preferably 
metal such as tungsten or aluminum is used for the top 
electrode material layer (PL). 

19. The method according to claim 8, Wherein ?rst of all 
the ion conductor material (R) is deposited and planariZed, 
and subsequently reactive metal is deposited together With 
the material for the top electrode layer (PL). 

20. The method according to claim 8, Wherein, prior to the 
deposition of the ion conductor material (R), openings for 
the regions (R) With the ion conductor material are gener 
ated, Which are only partially ?lled during the deposition of 
the ion conductor material (R) and the deposition of the 
reactive metal. 

21. The method according to claim 8, Wherein the contact 
of the diffusion barrier (B) to the bottom electrode (CC) is 
made by an anisotropic back-etching step. 

22. The method according to claim 8, Wherein the diffu 
sion barrier (B) is made of SIN, or AlN, or AliSiiN. 

23. A system With a memory device comprising at least 
one solid body electrolyte memory cell manufactured 
according to claim 8. 


